Abstract-In this paper, we discuss the approach to efficiently place antennas to cover users within a telecommunication network. The main goal is to lower the power and utilities cost while covering all of the users within the telecommunication network. Four heuristics are proposed and compared.
I. MOTIVATION
T he main objective for telecommunication networks are to provide end-to-end quality of service (QoS) and coverage to every client in the system. Antenna Arrangement Problem (AAP) is often considered an optimization problem in the pre deployment stage of a telecommunication network. Such an assumption may be valid when we consider a static population density. However, increasing population, telecommunication advancement, and construction constraints, makes the mentioned assumption infeasible [1] . Therefore, we must approach the AAP as an evolving after deployment optimization problem. Moreover, current pre-deployment AAP solutions are adhoc, inadequate and inefficient. Furthermore, because AAP has close resemblance with the vertex cover problem [3] , we suspect that AAP belongs to the class of NP problems. Therefore, to analyze the AAP is timely, and we must design efficient and effective heuristics that can identify good quality solutions.
II. PROBLEM FORMULATION
Consider a telecommunication network that consists of a set of antennas and a set of users. Let the telecommunication network be represented by G = (V, E), where A is a set of antennas, A ∈ V and U is a set of users, U ∈ V . We must consider A ∪ U = V and A ∩ U = ∅. E is a set of edges between a user and an antenna. An edge is denoted by E = {e 1 , e 2 , ..., e E }. The variable e a k is the cost associated with an antenna a k and is calculated as
where r(a k ) is the coverage range of antenna a k and {k 0 , k 1 } = {.477, 2.3179}. Coefficients k 0 and k 1 were calculated using data from [2] by power curve fitting. We assume that each antenna has a maintenance dollar cost and a periodically recurring dollar cost denoted by C i . Given G, a user u a must be in the range of at least one antenna, a a , so that the coverage constraint is fulfilled. The physical locations of a user u a and a a are given respectively by (x ua , y ua ) and (x aa , y aa ). If u a is in the range of antenna a a denoted by r(a a ), then the following must be satisfied:
AAP can formally be stated as follows: Find a setÁ ∈ A, such that every vertex in U and at least one vertex in A are incident, and the following is minimized:
III. PROPOSED APPROACHES
In the subsequent subsections, we will describe four heuristics to tackle the AAP.
A. Greedy
The Greedy approach [4] aims to reduce the number of antennas in operating in the network. To achieve the reduction in the number of antennas, we must have a set of antennas already present in the network. Therefore, the greedy approach may be viewed as a "reversed" Greedy heuristic [4] . An antenna, a i , is randomly picked and covers a set of users labeled U ai . U ai contains any user in U such that the distance between the user and a i is less than or equal to r(a i ) (Algorithm 1 Line 5). If r(a i ) can be reduced while all of the users in the network can still be covered, then r(a i ) must be lowered. If some users are left uncovered, then an antenna a a needs to be located to cover all of the uncovered users by increasing r(a a ). This process is repeated until no further improvement can be achieved in the solution quality. Note: In the Algorithm 1, "↓" means lowering and "↑" means increasing the range of an antenna.
B. Greedy Randomized Adaptive Search Procedures (GRASP)
GRASP [4] is a multi-start or an iterative process. Iteration consists of two phases: (a) construction phase, in which a 
Algorithm 1: Greedy Algorithm
Input : A, U , itr max Output: 
C. Path Relinking
Path relinking [4] is a search strategy that explores the trajectories connecting two given solutions. Given two solutions, their common elements are kept constant and the space of solutions spanned by these elements is searched with the objective of finding a better solution. However, some of the new trajectories obtained from the initial given solutions may not be valid. Invalid solutions must be fixed to guarantee that every user in the network is covered (Algorithm 3, Line 5). Algorithm 3 shows the steps in solving AAP using path relinking approach.
D. Genetic Algorithm
Genetic Algorithm [4] has the following steps; (a) Selection For Crossover step, two-point crossover methodology is used [4] . Mutation rate is fixed at two percent, which is the most common rate in the literature [4] . For the Accepting step, if the newly acquired children results in a better solution than any chromosomes in the population, the children will replace the chromosome with the worst quality of solution in the population. After the process is conducted, the chromosomes with the best solution quality is chosen from the population.
IV. WORK LOAD AND SIMULATION
1000 antennas were generated randomly in a map of 500m × 500m. Each antenna has an initial range of 10m. Figure 1(a) depicts the initial network with equivalent 1,000 antennas and 5,000 users. We assume the installation and maintenance cost for an antenna to be $5,000. For our simulations, a total of 5,000 users were randomly placed within the polygonal map. Given finite many possibilities of placing antennas, proposed heuristics for the AAP have the ability to make changes to the network post installation stage and are not limited to pre deployment stage. The possible range for an antenna is any value from R, where R = {10, 15, 20, 30, 40, 50, 75, 100}. The cost associated with each range has been calculated using Eq.(3). If an antenna has value a of 5, then the range of the antenna is R(5) = 40m and the associated cost is equal to $2,450.
The aforementioned four heuristics were simulated to identify a solution for the AAP. Figure 2 illustrates the comparison of final number of antennas operating using proposed heuristics. Figure 1(b) depicts snapshot of the optimized network using GRASP heuristic. Greedy algorithm is very inefficient even though the Greedy Algorithm reaches a solution much quicker than any other mentioned heuristics. GRASP reaches a much better solution in terms of cost as it relates to power than the Greedy Algorithm. However, GRASP takes longer to optimize the network than the greedy algorithm. Most solutions sought from GRASP cannot further be improved by Path Relinking and Genetic Algorithm. Therefore, it is concluded that the GRASP is the best approach for the AAP.
